Objective: Cyclic adenosine monophosphate/protein kinase A (PKA) is important in embryonic development. The human AKAP10 gene is polymorphic: 1936A>G results in changes to a PKA-binding domain and increased targeting to mitochondria. Previous studies found G1936 as 'deleterious' in adults, and this study investigates whether this holds true in preterm birth.
Introduction
Despite progress in many aspects of obstetrical management, the world's preterm birth rate has been rising; for example, in 2006, preterm births constituted 12.8% of live births in the United States, a 20% increase since 1990. 1, 2 Trends in most other high-income countries are similar to those in the United States, but accurate data from many low-income countries are not yet available. 3 In Poland, the prevalence of preterm birth depends on the region and ranges from 6.0 to 8.5%. 4 Both environmental and genetic factors are relevant to risk of preterm birth; and a number of genes have been examined for association with preterm birth including the adrenergic b-receptor, genes related to thrombophilias and those related to immune processes. 3, [5] [6] [7] New candidate genes with some relation to preterm birth are, therefore, of some importance to be studied.
One possible candidate is the A-kinase-anchoring protein 10 (AKAP10), which binds to the cyclic adenosine monophosphate (cAMP)-dependent protein kinase A (PKA) RIa subunit; it is responsible for subcellular localization, and therefore functionality, of PKA and has therefore been studied with some interest. [8] [9] [10] PKA is a multi-substrate serine/threonine protein kinase responsible for modulating a vast number of cell physiological processes; among them is early development. 11 Kammerer et al. 12 compared allele frequencies of B6500 single-nucleotide polymorphisms located in B5000 genes between DNA pools of age-stratified, healthy, European Americans. One of the few associations found with age was that the 1936A>G polymorphism in the AKAP10 gene showed statistically significantly less G allele in older subjects of both genders. In addition, their analysis of an independent sample, consisting of 417 white twin pairs from the St. Thomas' UK Adult Twin Registry, indicated that the G variant was associated with a significant decrease in the length of the electrocardiogram PR interval. 12 Subsequently, further studies confirmed the 'deleterious' effect of the G1936 variant with associations with familial breast cancer, 13 increased basal heart rate and decreased heart rate variability 14, 15 and increased risk of colorectal cancer. 16 It is, therefore, presumed that biochemical changes, namely the V646 (G1936) AKAP10 binding of PKA RIa with threefold greater affinity than the I646 variant, and increased targeting of the PKA RIa subunit to the mitochondria result in the observed association of the G1936 allele with mortality and morbidity in the adult population. 12 Both alleles are sustained in the population; the G allele is found in up to 37% alleles in people of European descent (i.e., Aboriginal Europeans), is less common in Asian populations (E16 to 20%), but is the major allele in Africans (E58 to 72%). 17 In contrast, the 15 available non-human vertebrate AKAP10 sequences, including chimp, all encode valine at position 646, suggesting that 646I (G1936) is unique to humans (among invertebrata, isoleucine has been found at position 646 only in Anopheles gambiae).
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Sustained ratio of the G allele in the population leads us to suspect that the theory of 'antagonistic pleitropy' is relevant hereFand that the G allele might well be advantageous at younger ages. In this theory Williams 18 suggested that some genes responsible for increased fitness in the younger, fertile organism contribute to decreased fitness later in life. Analogous findings supporting the 'antagonistic pleiotropy' theory have been reported by Luft 19 and by Kang et al. 20 Luft 19 suggests that the D ACE variant (in contrast to I allele) may be deleterious at younger ages; whereas at older ages, the variant may provide an advantage for survival (e.g., through 'repairing' effects on heart rate variability that are less relevant at younger ages). Kang et al. 20 indicate that the association of singlenucleotide polymorphisms in the p53 pathway with human fertility suggests that p53 regulates the efficiency of human reproduction. The authors consider that their results also provide a plausible explanation for the evolutionary positive selection of some alleles in the p53 pathway that later in life results in decreased tumor suppression.
Sustained ratio of the G allele in the population, and the proven function of the PKA RIa subunit (and therefore presumably AKAP10) in mouse embryonic development, 14, 21 led us to investigate this polymorphism in one aspect of neonatal life, namely preterm birth. We have studied the putative association of the 1936A>G polymorphism with preterm birth in Polish newborns from the area of West Pomerania. The Polish population is well suited for an association study because of its relative genetic homogeneity without extensive non-European immigration during the last millennium. 22 In addition, the population now inhabiting the region of West Pomerania resulted from extensive mixing of Polish people from all regions of Poland after the Second World War (displacing the German inhabitants) and therefore can provide a representative sample of an Aboriginal-European population.
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Methods Study subjects All infants were of appropriate size for their gestational age and were recruited with informed parental consent at the Department of Neonatal Diseases, Pomeranian Medical University in Szczecin, Poland. The study group consisted of 80 preterm newborns (PTNs), Aboriginal Europeans who were eligible for the study if born before the end of the 37th week of gestationFno matter what was the reason for preterm delivery. The control group consisted of 123 full-term healthy newborn (FTN) Aboriginal-European infants born after the end of the 37th week of gestation to women with uncomplicated pregnancies with no preeclampsia or eclampsia. Demographic and obstetric factors such as mother's age, whether the mothers themselves were born preterm, whether previous newborns were preterm, previous abortions, frequency of smoking, percentage of first pregnancy and delivery, frequency of Cesarean section and gender were also investigated. The pregnancies in this study were otherwise healthy without any complications; the infants in both groups were of appropriate size for their gestational age and the scientists identifying the AKAP10 genotype were blinded to the clinical characteristics of subjects. Exclusion criteria in both groups were as follows: twins, diabetes, intra-uterine growth restriction, chromosomal aberrations and/or congenital malformations, or 'small for gestational age' that is below the 10th percentile birth mass, length or head circumference. At birth, cord blood of PTN and FTN infants was obtained for isolation of genomic DNA. The gender of the newborn, birth weight, body length and head circumference were taken from standard hospital records. Body surface area was calculated as the square root of (length (cm) Â weight (kg)/3600) according to Mosteller. 25 The study was approved by the Pomeranian Medical University Ethics Committee.
Determination of AKAP10 genotype Genomic DNA from cord blood was isolated with the QIAamp Blood DNA Mini Kit (QIAGEN, Hilden, Germany). To genotype the isoleucine to valine mutation at amino acid 646, caused by an A-to-G transition at nucleotide 1936 of the AKAP10 gene, we used our own primers, which have been validated by sequencing. Genomic DNA was amplified by PCR with primers flanking the polymorphic region. The following pair of primers were used: 5 0 -TCggTgTTAggTATCCAgTagTTg-3 0 as sense primer, and 5 0 -TAAgAAggTAATC CCCACAgCAgT-3 0 as antisense primer. 8, 9 These primers yielded a PCR product of 437 bp in length. Genomic DNA samples (20 ng) were amplified in a final volume of 10 ml, which contained 2 pM of each primer, 0. 
, and separated using 3% agarose gel electrophoresis, and stained with ethidium bromide. The 'wild-type' sequence (A1936 allele) was identified by lack of the TaiI restriction site, whereas the G1936 allele was digested into 269 and 168 bp restriction fragments.
Results were recorded with photographs of gels taken under ultraviolet light. All samples were independently genotyped using a blind method in duplicate, that is, all samples were anonymously labeled by one person and then genotyped by the second person.
Statistical analysis
The quantitative data (mother's age) were presented as means ± s.d. and analyzed by Student's t-test. The categorical data, the divergence of genotype frequencies from Hardy-Weinberg equilibrium and the frequency distribution of genotypes or alleles of 1936A>G AKAP10 polymorphism in PTNs and FTNs were assessed using a w 2 -test. In addition, logistic regression analysis with adjustment for demographic and obstetric variables was applied to compare the frequency distribution of AKAP10 variants between PTN and FTN groups. Statistical significance was defined as P<0.05. All data were analyzed with STATISTICA (data analysis software system, version 8.0, StatSoft, 2007, Krakow, Poland, http:// www.statsoft.com).
Results
Demographic and obstetric factors were compared between mothers who delivered preterm and mothers who delivered at term. The frequency of previous PTNs, the frequency of smokers and the percentage of Cesarean section among PTN mothers were significantly higher as compared with FTN mothers. The percentage of first pregnancy or first delivery in PTN mothers was significantly lower as compared with mothers in the FTN group. There were no significant differences between both groups with regard to the mother's age, whether the mothers themselves were born preterm, abortions or newborn gender (Table 1) .
All PCR-RFLP samples were genotyped twice and a concordance rate of 100% was attained (examples shown in Figure 1 ) and the AKAP10 genotype distribution in both PTNs and FTNs conformed to the expected Hardy-Weinberg equilibrium. There was a significant difference in frequency distribution of 1936A>G AKAP10 genotypes and alleles between PTN and FTN groups. Preterm newborns were more likely to be AA AKAP10 homozygotes (55%) and more likely to have the A1936 allele (76%) as compared with infants born at term (Table 2) , and the logistic regression odds ratio for AA versus AG þ GG was 2.63 (95% confidence interval: 1.33 to 5.20) (P ¼ 0.006) after adjustment for mothers with previous PTNs, smoking, first pregnancy, first delivery and Cesarean section.
Discussion
The PKA holoenzyme is a heterotetramer composed of two N-terminally dimerized regulatory (R) subunits combined with two catalytic (C) ones. During embryonic and fetal development, the regulatory I alpha (PKA RIa) subunit has a very important and positive role, and is involved in a variety of biological functions such as cell proliferation, tumor suppression and immune regulation. PKA RIa is essential for the maintenance of cAMP control of PKA activity, as proven by knockout of PKA RIa in Counter effect of 1936A>G AKAP10 in newborns B Łoniewska et al mice, which resulted in unregulated PKA activity and early embryonic lethality due to deficits in the morphogenesis of the mesodermal embryonic germ layer.
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A-kinase-anchoring proteins are a family of structurally diverse, but functionally related proteins, which coordinate the specificity of PKA signaling by binding to a specific docking domain at the N terminus of the R subunits and thereby localizing the kinase to various subcellular sites. 13, 26, 27 Compartmentalization of AKAPs is known to have an important role in the specificity and regulation of PKA by cAMP-mediated signaling. 26, 27 Therefore, a possible explanation of the negative impact of the G1936 allele in elderly people could be that increased compartmentalization results in increased PKA signaling, resulting in deleterious effects in cardiac rhythm or in increased risk of cardiac infarction and breast and colorectal cancer.
In contrast, the present study shows an association between a newborn's AKAP10 genotype and time of birth, with the G allele associated with decreased preterm birth. Infants of appropriate size, but born preterm, were more frequently homozygous for the A1936 AKAP10 allele compared with full-term infants. To the best of our knowledge, our study is the first report focused on the analysis of the 1936A>G polymorphism in subjects under 18 years of age, and the first to show a positive effect associated with the G allele.
Limitations of the study are that the sample sizes are fairly low, but despite this, the association survives adjustment for previous PTNs, smoking, first pregnancy, first delivery and Cesarean sectionFand other confounding variables such as mother's age, newborn gender, whether the mothers themselves were born pre-term and abortions were not found to be significantly different between the two groups The percentage of mother's smoking or Cesarean section and the frequency of previous PTNs were significantly higher for PTN; percentage of first pregnancy and first delivery were significantly lower for PTN. These significant differences agree with previous studies. [28] [29] [30] Adaptation to extra-uterine life depends largely on the switch from glycolytic to oxidative metabolism and several studies have shown the importance of the recruitment of energy conversion and ATP synthesis in mitochondria during the early postnatal period, as well as insufficient maturation of this mechanism in PTNs. [31] [32] [33] It is possible therefore that the G1936 allele allows a more efficient switch in newborns from glycolytic to oxidative metabolism by increased targeting of PKA to the mitochondria. 12 In addition, the activity of the fetal sympathetic system can also prevent preterm birth. In PTNs, cAMP urine values were found to be significantly lower than in FTNs, 34 and therefore effects on PKA compartmentalization are likely to be important at this stage as they will affect cAMP-mediated signaling by PKA.
In accordance with the theory of antagonistic pleiotropy, as mentioned in the Introduction, the G1936 (V646) AKAP10 allele may be beneficial in prenatal life (and perhaps up to reproductive age), whereas with age the variant may provide disadvantages for survival, for example, through 'deleterious' effects on heart rate variability or through increasing cancer risk that are less relevant in younger mammals.
In conclusion our results demonstrate a possible association between the AKAP10 A1936 genotype and preterm birth in the Aboriginal-European populationFthe A1936 variant now associated for the first time with a disadvantageous phenotype. The study suggests an example of a so-called 'deleterious' variant providing a beneficial effect during the prenatal stage of human development and could provide one reason why such genotypes are present in the population at high ratios. This study warrants further investigation; for example, a replication using a larger sample size with the same race and association with different causes of preterm delivery could be investigated.
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